Fuel cell vehicle (FCC, which is powered by hydrogen-fueled polymer electrolyte fuel cell (PEFC), has been developed and successfully demonstrated the operation. It is estimated that FCV will be introduced into the market in the near future. In this study, comparative assessments have been carried out for FCV and gasoline vehicle (GV) to evaluate the environmental impacts during the life cycle (LC) of these vehicles. This study consists of the following investigations: 1) Life cycle assessment (LCA) case study for PEFC, 2) Life cycle inventory (LCI) analysis for hydrogen, 3) LCA case studies for FCV and GV. It was found that the amount of LC-CO2, LC-NOX, and LC-HC of FCV were smaller than those of GV. It was suggested that introduction of FCV would have a large potential to reduce atmospheric emissions.
I. INTRODUCTION
Environmental protection is one of the most important global issues in recent years. For example, the problem on the reduction of CO2 emissions in relation to the major cause of global warming has attracted a great deal of public attention.
The problem in Japan has come to be tackled gradually in automotive sector. Especially, FCV is expected as one of the most hopeful candidates in the future. However, most investigations have focused on operation stage of FCV. There have been few attempts to evaluate the total impacts of FCV during its life cycle. Therefore, we conducted LCA case study for FCV.
The main objectives of this study are to evaluate and to compare the environmental impacts of FCV and GV during the life cycle. Following investigations to attain these objectives have been carried out: 1) LCA case study for PEFC, 2) LCI analysis of hydrogen, 3) LCA case studies for FCV and GV. 
III. LCI OF HYDROGEN
Because of the undeniable need for the reduction of fossil fuels utilization, hydrogen, in combination with the fuel cell technologies, seems to be the most promising alternative to gasoline powered combustion engines. Up to now, almost all practical-use hydrogen has been produced by fossil fuels. If hydrogen can be produced by renewable energies, energy utilization will truly become harmonized with the environment.
In this work, LCI analysis of hydrogen as fuels for fuel cell technologies has been carried out. Emissions from hydrogen produced by various production routes were investigated. These are: 1) water electrolysis by renewable energy, 2) water electrolysis by current grid mix in Japan, 3) steam reforming of methanol, and 4) steam reforming of urban gas. System boundaries include mining and benefaction of raw materials, production, and transport of hydrogen.
This study is based on current hydrogen supply system in Japan.
Concerning the hydrogen produced by water electrolysis of renewable energy, it was assumed that hydrogen was produced in Canada where most of the electricity is generated by hydropower and exported to Japan.2 Figure 1 illustrates the results of CO2 emissions related to 1 m3 of hydrogen product. On the other hand, FCV (energy efficiency 28.2%) has less advantage with regard to CO2 emissions. In case of FCV, which mounted on hydrogen produced by renewable energy, CO2 emissions decrease 66% compared with GV at 100,000 km mileage.
IV-C. LCI of platinum recycling
Recently, the recycling of platinum group metals, those used for automobile and other catalysis, has been widely recognized as essential, because of their limited existence in the earth. In addition, currently the amount of Pt utilization for the fuel cell catalyst is about ten times as much as automobile catalyst.
Therefore, Pt recycling for prevalence of FCV is indispensable. 5
In this work, LCI of Pt was investigated. The objectives are to compare the C02 emissions of Pt produced by recycling and those produced by mineral resources (by-product of copper ore process). 
